Background: Infectious diseases can appear and spread rapidly. Timely information about disease patterns and trends allows public health agencies to quickly investigate and efficiently contain those diseases. But disease case reporting to public health has traditionally been paper-based, resulting in somewhat slow, burdensome processes. Fortunately, the expanding use of electronic health records and health information exchanges has created opportunities for more rapid, complete, and easily managed case reporting and investigation. To assess how this new service might impact the efficiency and quality of a public health agency's case investigations, we compared the timeliness of usual case investigation to that of case investigations based on case report forms that were partially pre-populated with electronic data.
OJPHI
report, launch an investigation or close a case [5] . Thus, while ELR may increase timeliness of case reporting, little improvement may be realized when PHAs are burdened with collecting patient data that frequently is missing from lab reports. In addition, ELR increases the volume of reports [4] which can impose an additional processing burden as PHAs deal with higher volume [15] , duplicate cases and reports [16] , and sometimes an increase in the frequency of false positives-all of which can drain PHA investigation resources [17] . PHAs may also struggle to combine different sources, often having to use manual processes to match and merge the information, decreasing the timeliness and accuracy of their analyses of disease trends [18] .
Over 95% of all US PHAs employ public health nurses or epidemiologists who comprise 18 .3% of all PHA employees nationwide [19] . The majority of communicable and infectious disease case reporting and investigation is done by these employees using numerous systems which do not interoperate or exchange data [6, 20] . One strategy for overcoming barriers to electronic transfer of clinical data and information between disparate information systems is the use of Health Information Exchanges (HIEs) [21] . HIEs have demonstrated savings in health care costs [22, 23] , improvements in patient safety [24] , workflow efficiencies [25] , and improved data sharing among information systems and HIE participants [26] . HIEs are also stimulating structural and business process changes for PHAs [27, 28] . An HIE has the potential to link EHR and laboratory data, providing PHAs with integrated, timely, consistently organized information that alleviates many challenges PHAs face in managing case reports.
Between September 2013-March 2014, the Indiana Network for Patient Care (INPC) HIE in Indianapolis, IN implemented an intervention in which CDR forms were electronically prepopulated with clinical, lab and patient data available through the HIE's integrated EHR-ELR system. These partially completed CDRs were then delivered to the patient's clinician for verification, signature, and delivery to the responsible PHA. The CDR form intervention was piloted at selected ambulatory care clinics (N=6), representing Family Medicine, Internal Medicine, Women's Health, Adolescent Health, and OB-GYN medical specialties. By automatically pre-populating CDR forms, this intervention aimed to reduce barriers to clinic reporting, improve timeliness and completeness of CDR forms, and reduce the need for HCPs to provide additional information to PHAs. Background and full protocols for implementation and evaluation of the pre-populated CDR form intervention are described elsewhere [29] .
The focus of this intervention was to reduce HCP burden and improve their reporting timeliness and CDR form completion. However, it was uncertain whether a PHA participating in the INPC HIE could also benefit from the intervention. While it is presumed that improved reporting will improve public health surveillance [30] , there is little research on how more complete capture of cases might impact the efficiency and/or quality of reporting, burden of case investigation, or assessments of community disease burden. This paper reports an assessment of the impacts of the pre-populated form process on PHAs, utilizing a novel matched case analysis of timeliness changes in receipt and processing of CDR forms and focusing on Chlamydia cases which are the condition most frequently reported to the LHD participating in the INPC HIE [31] . 

Methods
Ethics
This study was approved by the Indiana University Institutional Review Board with crossinstitutional and concurrent IRB deferral from the University of Washington.
Setting
The Marion County Public Health Department (MCPHD) in Indianapolis participates in the INPC HIE. MCPHD utilizes SWIMSS, the Statewide Information Management Surveillance System, for recording and investigating sexually-transmitted infections (STIs) cases. Data from ELRs, faxed lab results and CDRs for STIs are entered into SWIMSS. Traditionally, paper, handwritten CDR forms reporting STI cases are faxed by clinic reporters to MCPHD and entered into SWIMSS.
Baseline (pre-intervention) Data
To describe pre-intervention reporting data was extracted from the SWIMSS surveillance systems for the time period of 01/01/2012 through 09/15/2013 for four target notifiable conditions: Chlamydia, Gonorrhea, Syphilis and Syphilis, Reactor. In addition, given Chlamydia is the most frequently reported STI [31] , a sub-set analysis of Chlamydia cases in the SWIMSS baseline dataset was conducted. This allowed us, for each system and specifically for Chlamydia, to: compare CDR form receipt, processing and time to close for a 21-month baseline period to the HIE CDR form deployment (intervention) period. Fields were tabulated to determine any data anomalies; Data cleaning and quality review included removal of duplicates and generation of a missing data rate table. We also assessed potential confounders of CDR form receipt or processing, such as day of the week or reporter-specific differences. Given the focus on Reporting Lag and time close a case, outliers and anomalies regarding date were identified. Based on this analysis, it was determined that any case in which this time difference was greater than 100 calendar days was excluded as atypical of case processing. The final dataset of 39,737 records included Chlamydia (n=28018); Gonorrhea (n=7791); Syphilis (n=810); and Syphilis, Reactor (n=3118). Due to their small numbers, Syphilis disease "categories" of Early Latent, Late Latent, Neurosyphilis, Primary, Secondary, Unknown Latent were combined into the single "Syphilis" category.
The following factors were analyzed to establish the rationale for case matching criteria:
• Reporting Volume: Defined as the number of cases received per month into the surveillance system-by all conditions combined and by individual condition.
• "Reporting Lag": Defined as the time difference between the earliest date for activity on a case (for example, the date of a positive lab test) and the date the case was logged into the PHA's surveillance system (SWIMSS)-by number of calendar days; by work days (i.e., Mondays through Fridays when PHAs are open, excluding holidays); and by day of the week.
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• "Time to Close of Investigation": Defined as the time difference between earliest date for activity on a case and the date the case was closed by public health by number of calendar days-by work days (i.e., Mondays through Fridays when PHAs are open, excluding holidays); and by day of the week.
Intervention Data
During the intervention period (09/16/2013-03/01/2014), CDR forms were automatically prepopulated with available patient information and HCP contact information before being faxed from a pilot HIE clinic to MCPHD. While the pre-populated CDR form intervention was made available to the pilot clinics, clinic. Clinic reporters were not required to use this new service and sometimes overlooked the form and used their customary reporting method. During the intervention period 23 pre-populated forms were delivered to the intervention clinics, and 21 of those were then submitted to MCPHD for Chlamydia (n=21) and Gonorrhea (n=2) cases. Only the Chlamydia pre-populated CDR forms were used for the case matched analysis.
Intervention Period Dataset
A dataset was pulled from the SWIMSS surveillance system for 08/16/2013-04/01/2014 to cover the intervention period plus and minus 30 days. After cleaning and quality review similar to preparation of the baseline dataset, the intervention period SWIMSS dataset-excluding the submitted intervention CDR forms-included 4,372 cases of which 3,165 (72%) were Chlamydia, 769 (18%) Gonorrhea and 438 (10%) were Syphilis. The chlamydia reports were received from 284 unique providers, with 38% of the providers sending a single report.
The 23 pre-populated CDR form SWIMSS cases were identified by comparing details from scans of the pre-populated CDR forms with dataset case information. Given only 2 pre-populated CDR forms for Gonorrhea, these cases were excluded from further analysis.
Case Matching and Analysis
To control for potential confounding factors [32] , the 21 pre-populated CDR form target cases were matched to one or more other chlamydia cases using the following criteria:
• Same reporting provider ID • Same day of the week of receipt • Receipt of matched case within 30 days of target case • Matching case received within plus or minus one week of the target time frame (i.e., between 11/10/2013-03/22/2014). This latter matching criteria was included as the total number of cases received tended to increase outside this date range.
Of the 21 cases, 16 could be matched to at least one other case. The number of matches to an individual pre-populated CDR form ranged from 1 to 72, with a mean of 23 matches per case.
Two outcomes were analyzed: 1) Reporting Lag and 2) Time to Close of Investigation. Both were measured in work days. Because different numbers of matches were associated with each pre-populated CDR form target case, a hierarchical random effects model was used to compare OJPHI mean difference in each outcome between the target cases and the matched cases, with random intercepts for case [33] .
Results
Here we report the results that informed the case matching method, including Reporting Lag, Time to Close of Investigation and demographic information (clinic or clinic reporter) for the SWIMSS baseline dataset.
The mean Reporting Lag by calendar days for chlamydia cases was 5.5 calendar days (see Figure  1 ). The time difference between earliest date of activity and date the case was closed (see Figure 2 ) was four work days or less for just over one half (53.0%) of chlamydia cases. A systematic difference was observed between Reporting Lag of Chlamydia cases into SWIMSS and day of the week of the earliest date (see Figure 3) . Monday cases took substantially less time to be delivered to public health than any other day of the week. In addition, a statistically Table 2 shows the estimated mean difference between target cases and matched controls in the number of worked days to receive a case and to close a case. Both the mean number of days to receive and case and the mean number of days to close a case were lower for the target cases than their matched controls. The mean reporting time for the pre-populated CDR form cases was 2.7 days shorter than the mean Reporting Lag for the matched controls in the intervention dataset (p = <0.001). The mean time to close a pre-populated CDR form case was 1.3 days shorter than time to close for the matched controls in the intervention dataset (p = 0.796). 
Discussion
The primary objective of our project was to investigate the impact of the new pre-populated form technical service being implemented within a HIE on public health reporting processes and operational outcome metrics. By collecting and sharing data across health care organizations, HIE networks are significantly transforming the work of both clinical and public health, with increased opportunity for more automated and efficient data capture [12] . The expanded adoption of HIEs promises to improve access to data and automate its extraction, making it OJPHI easier to collect required data through electronic request from a single source. The pre-populated CDR form service investigated in this study is an example of an intervention that aims to reduce the burden of information-gathering with consequent quality improvements [34] . As noted earlier, ELR systems can improve timeliness of reporting to PHAs [4, 10] ; expanded connectivity between health record and ELR systems-as possible through HIEs-might further enhance reportable condition data capture and its delivery to PHAs.
This paper describes an effective analytical technique for investigating the impact of a technical intervention on public health agencies' reporting operations that can be utilized in future studies. A matched analysis allowed for early evaluation of the new pre-populated CDR form system, making efficient use of the cases received prior to widespread implementation. Matching to multiple cases (as opposed to matching to a single case) increases the power of the analysis by effectively reducing the variance of the mean times for matched cases, at the expense of increasing complexity in the analysis if a variable number of matches is used.
One limitation of matching is that biased estimates can be generated if a factor being matched is the result of the exposure rather than a confounding factors [35] . Of the factors matched on in this study, the only factor that could plausibly be a result of the exposure is the day of the week that the CDR form is received (which could occur if reports are batched and sent on specific days of the week); if this were the case it could plausible bias the estimate of the mean difference in time to receive a report. A separate analysis matching on the date that the test result is known rather than the date that the report is received however produced a similar time difference (mean difference 2.7 days, p < 0.001).
While constrained to a small number of target cases, we observed an improvement in the Reporting Lag when using the pre-populated CDR form intervention, and a smaller though not statistically significant improvement in the time to close cases. One possible reason for the improvement in the time to receive cases is that auto-generation of pre-populated forms may allow for processing of reportable conditions by providers as soon as the report is generated, whereas without pre-population or auto-generation it may be more efficient from the providers' view point to, again, process reports in batches every few days.
An improvement in the time to close cases might be expected if pre-population of fields on CDR forms improves data quality and/or completeness, thus requiring less public health investigator processing time. However, a high field completion rate that is still less than fully complete may not result in major time savings as missing information in a single important field would still necessitate contacting a provider to collect this information.
Limitations
One limitation of this study is that it was conducted using data from one system in one jurisdiction and examined only a single reportable condition. System factors may limit generalizability to jurisdictions that use similar systems, and differences in processing procedure between reportable conditions may limit generalizability to other conditions. A second limitation is in the ability to match for possible confounding factors. Matching is inherently limited to measured factors and it is not possible with an observational study to control the effects of OJPHI unmeasured confounding factors. A third limitation is that the small numbers of cases limits the ability to rigorously determine sensitivity of the analysis procedure to the selection of factors to match on.
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